| INTRODUCTION
Organ expansion and anatomy are regulated by homeobox genes, which control the differentiation and populations of particular cells. 1, 2 Pancreatic duodenal homeobox-1 (PDX1), also known as insulin promoter factor 1 (IPF-1), is a homeobox transcription factor that is essential for development and growth of the pancreas and other foregut structures. 3 Therefore, defects in PDX1 gene expression may result in disruption of pancreas development in humans and mice. 4 In mature β-cells, PDX1 has several critical roles, such as glucose sensing, insulin synthesis, and insulin secretion; many of these roles have been observed in vivo, using transgenic mice and different cell lines. 5 PDX1, which promotes insulin expression and is localized in β-cells, mediates the expression of various genes, 6, 7 including genes encoding islet amyloid polypeptide (IAPP), 8, 9 glucokinase, and GLUT 2. 6, 10, 11 Moreover, PDX1 regulates the developmental of islet cells, which are present throughout the lifetime of the islet and function to maintain islet mass, cyto-architecture, plasticity, and development, thereby affecting β-cell distinction, neogenesis, interactions, and apoptosis. 12 The PDX1 gene is located on chromosome 13q12.1, close to the CDX2 gene, and is a member of the ParaHox family of transcription factors. 13 PDX1 is a critical regulator of insulin levels in pancreatic β-cells and mediates the development of the pancreas by binding to the promoters of the somatostatin and insulin genes. 7, [14] [15] [16] [17] Moreover, PDX1 expression has been observed in various distal stomach cells, including somatostatin-, serotonin-, and gastrin-expressing cells, 18 and is often present in autoimmune gastric and pseudopyloric glands. 19, 20 Thus, the PDX1 gene is critical for early pancreatic development from the gut tube and islet development, influencing insulin production in β-cells and islet viability in vivo and in vitro. Accordingly, assessment of PDX1 expression during exposure of cells to different supplements may provide insights into the in vitro maintenance of the stability and quality of purified islets prior to transplantation.
Animals have antioxidant defense systems that can be fortified by external factors. 21, 22 Because the pancreas has a moderately weak protection system against oxidative stress, external antioxidants, such as N-acetyl-l-cysteine (NAC), which scavenges hydrogen peroxidases and nutritional antioxidants, such as vitamins C and E, 21, 22 can be used.
α-Tocopherol has lipophilic and lipid peroxidation inhibition effects and can therefore scavenge lipid peroxyl radicals and enhance the yield of lipid hydroperoxides and tocopheroxyl radicals. 23 Antioxidant treatment has been shown to promote insulin expression and reduce insulin degranulation. Moreover, antioxidant treatment increases the expression of the PDX1 gene in islet cell nuclei. 22 In contrast, α-tocopherol (vitamin E) prevents cell adhesion, inflammation, smooth muscle cell proliferation, and platelet aggregation in cultured cells. 24 In this study, we aimed to evaluate PDX1 protein expression in treated caprine islets in culture and to assess the protective effects of antioxidants on PDX1 gene expression in cultured caprine islets.
We hypothesized that PDX1 may be regulated by antioxidant (α-γ-tocopherol) and secretagogue (3-isobutyl-1-methylxanthine; IBMX) factors in pancreatic β-cells. Our data are expected to provide insights into the regulation of this important target in caprine islets.
| MATERIALS AND METHODS

| Maintenance of caprine islets in media with various supplements
Malaysian local caprine pancreases (from 1-year-old Katjang goats; n=5, islets from whole pancreata of five male Katjang goats were used. The means of the donor characteristics were as follows: male, age 12±2 months, weight 16±3 kg, pancreas weight 22.6±1.3 g) were collected, and islet isolation and purification were carried out by collagenase digestion and Euro-Ficoll density gradient centrifugation. 25 Dithizone solution was used for staining of caprine islet cells in culture following incubation at 37°C for 15 minutes. 25 Subsequent DTZ staining, islet count, and purification assessment were carried out. 25 Three pooled islet fractions were used to assess the effects of media on islet viability and quality. Briefly, the purified caprine islets were placed in five different cell culture flasks with various media as follows: RPMI , and tocopherol half-life described by Chan and Tran
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), and RPMI with IBMX and tocopherol. All media were supplemented with 25 mmol/L Hepes, 2 g/L NaHCO 3 , 100 U/mL penicillin, 100 μg/mL streptomycin, and also 6 mmol/L sodium pyruvate, and other growth
were added to those media without serum. Islets were incubated at 37°C in a humidified atmosphere with 5% CO 2 . The culture and maintenance of caprine islets were carried out as previously described. 30 After treatment, islet quality was evaluated by fluorescein diacetate (FDA)/propidium iodide (PI) staining using cell membrane exclusion staining and GSIS test (glucose-stimulated insulin secretion). 31 Briefly, FDA/PI stock was added to floating islets in phosphate-buffered saline (PBS) at concentrations of 0.67 and 75 mmol/L, respectively. 32, 33 Islets were observed by fluorescent microscope (Zeiss Axio Observer, Zeiss, Göttingen, Germany). Dead cells were stained red, and viable cells were stained green. To assess islet viability, islet cells were classified and scored as previously described by Karaoz et al. 32 The cells were assigned to categories as follows: 0, few or no cells were stained green, whereas the majority were stained red (average viability=0%); were incubated for 1 hour at 37°C with 5% CO 2 . The supernatants were maintained as described above until analysis of insulin levels.
The insulin levels in all samples were determined using a commercial ovine insulin enzyme-linked immunosorbent assay (ELISA) kit (DRG, Germany).
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| RNA extraction
RNA from isolated caprine islets was extracted after 1 and 5 days of treatment using an RNeasy Mini Kit (Qiagen, TX, USA) according to the manufacturer's protocols. The extracted RNA was stored at −80°C until analysis. The total RNA concentration was detected using a biophotometer (Eppendorf, Hamburg, Germany).
| Reverse transcription polymerase chain reaction (RT-PCR)
After RNA extraction, RT-PCR was carried out to detect the expression levels of PDX1 mRNA in the isolated islets. First-strand cDNA was amplified with a SuperScript III First-Strand Synthesis SuperMix Kit (Invitrogen, Carlsbad, CA, USA). RT-PCRs were set up using a twostep RT-PCR system. The primers were designed to bind across two different exons. Therefore, the products from mRNA and genomic DNA could be easily distinguished. As introns are omitted from mRNA, the PCR products from the mRNA amplification are shorter. Caprine β-actin and GAPDH mRNAs (housekeeping genes) were amplified as positive controls. The upstream and downstream primers used in this study are listed in Table 1 .
PCR products (PDX1: 200 bp; β-actin: 200 bp; and GAPDH:
191 bp) were analyzed using 2% (w/v) agarose gel electrophoresis in 1× TAE buffer at 80 V for 45 minutes, followed by GelRed staining (GelRed Nucleic Acid Gel Stain; Biotium, Fremont, CA, USA).
| Real-Time PCR
The extracted RNA from purified caprine islet cells was used for real- 
| Western blotting for PDX1
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out to determine the molecular weight of PDX1 protein as described by Sambrook and Russell. 37 Briefly, total protein of purified caprine islets was extracted using the sonication method following protein precipitation. The islets were collected in 1 mL medium in a microcentrifuge tube and centrifuged at 110 g for 1 minute
at 4°C. The pellets were then suspended in 1 mL Tris sodium chloride ethylenediaminetetraacetic buffer (TNE) and subjected to sonication three times (120 db). Subsequently, the samples were centrifuged at 22000 g for 15 minutes at 4°C. The supernatants were transferred to a sterile 1.5-mL tube and used directly for SDS-PAGE or kept at −70°C. The islet protein samples were then mixed with an equal volume of 2× Laemmli buffer, denatured by incubating at 95°C for 5 minutes, and loaded onto gels. A protein marker was used to compare and measure the sizes of the proteins. Gels were run at 80 V for 2 hours.
After electrophoresis, the gels were stained overnight with shaking in Coomassie Blue.
T A B L E 1 Primers sequences. Primers of caprine PDX1, caprine β-actin, and caprine GAPDH genes used for RT-PCR and Q-PCR assays Differences with P values of <.05 were considered significant.
| RESULTS
Following DTZ staining, viable islets were stained crimson red, while other cells were unstained. According to this evaluation, islet purity was determined as >90%. The count of isolated islets was between 120 and 160×10 3 islet equivalent (6210±886 IEQ/g of pancreas) (IEQ using Ricordi method).
| Assessment of the viability of purified islets
After 5 days of islet culture in media supplemented with different factors, all islets remained functional ( Figure 1 ). Islets cultured in tocopherol and a mixture of IBMX and tocopherol exhibited the highest viability ( Figure 2 , Table 2 ). Additionally, the percentage of live cells within islets was higher in islets cultured in serum-free medium than in those cultured in medium containing serum.
| Relative quantification of PDX1 expression
Expression Quantitative PCR analysis revealed that the normalized level of PDX1 expression in cultures treated with IBMX plus tocopherol was 3-fold higher than that in untreated cultures on day 5.
| Fold changes in the expression of the PDX1 gene in treated and untreated islets
The relative fold changes in treated islets on days 1 and 5 were compared with the expression levels in control groups of islets (islets in serum-free 
| Western blotting
Western blot analysis was used to estimate the size of the PDX1 protein and indicated significant difference in PDX1 expression in protein level. This analysis showed that the caprine PDX1 protein was detected as a single band at approximately 31 kDa and β-actin detected at 42 kDa ( Figure 4A ). In addition, Western blot presented significant increase in PDX1 protein in treated islets cultured in IBMX, tocopherol, and mix of IBMX and tocopherol for day 5 compared to those with serum-free and serum-added media ( Figure 4B ).
F I G U R E 1 GSIS assessment of isolated caprine islets in different treatments. Caprine islets in different treatments were functional.
Values are mean±SD. (*) shows significant difference of insulin secretion in purified islets while exposed to high-and low-glucose concentration media
| DISCUSSION AND CONCLUSION
In this study, we aimed to evaluate PDX1 gene and protein expression in treated caprine islets in culture and to assess the protective effects of IBMX, tocopherol, and combination of both on PDX1 gene expression in cultured caprine islets. The most noticeable finding to emerge from the analysis is that PDX1 was regulated by antioxidant factor (tocopherol) and IBMX in pancreatic β-cells, providing important insights into the regulation of this target in caprine islets. T A B L E 2 Percentage of caprine islet viability in serum-free, serum-, IBMX-, tocopherol-, and combination of IBMX/ tocopherol-supplemented media during 5 days after isolation
Huge losses of islet viability in serum-added culture is related to fibroblast overgrowth and uncontrollability of serum impact on islet. 39 Also exocrine cell loss and fragmentation are other considerations.
Islets in their native pancreases have interaction and cell communication with other tissues and cells which is necessary for their functionality and sustainability.
Tocopherol as an antioxidant and IBMX as a secretagogue agent have the ability to promote and preserve PDX1 gene expression in islets and consequently mediate insulin secretion. The results of this study seem to be consistent with those of Li et al. 40 who showed that the addition of IBMX and glucose to medium increased PDX1 expression by about 27% in mouse islet culture. Also, upregulation of PDX1 in culture with tocopherol is in line with that of previous study that showed PDX1 expression upregulation in mouse islets cultured in antioxidant-containing medium. In contrast, another study showed that stimulation of PDX1 in islets is related to the anti-apoptotic activities of antioxidants, which maintain cell survival in mouse islet cells. 22 Similarly, we observed increased expression of PDX1 associated with improved viability following treatment with tocopherol as an antioxidant and IBMX as a secretagogue. These findings provide important insights into the prevention of apoptosis in islets and to the prolongation of islet viability, both of which are critical for islet preparation and maintenance during transplantation in the treatment of patients with diabetes.
In this study, we observed modest expression of PDX1 in cultures treated with serum on day 5 of culture. PDX1 expression was reduced compared with that in serum treated on day 1 and untreated islets on day 5. As reported by Vincent and Odorico, 41 usage of 10% serum in murine embryonic stem cells reduces PDX1 gene expression by approximately 50%, suggesting that basal medium containing low concentrations of serum or no serum should be used while testing the effects of new growth factors on cells. 41 In our study, we compared the levels of PDX1 expression in caprine islets for all treatments versus those in islets cultured under serum-free conditions. Antioxidant was able to preserve islets in serum-free media. As previous study showed tocopherol can enhance viability of islets by protecting membrane against oxidation. 42 This study also reported up-regulation of PDX1 gene in treated islet in serum free media with tocopherol which serum efficacy on PDX1 reduction was avoided and at the same time its expression enhanced by antioxidant agent impact.
PDX1 induces the expression of insulin, glucose transporter 2 (GLUT2), glucokinase, and IAPP, which are necessary for maintaining mature β-cell function. 4, 43, 44 Previous studies have shown that antioxidants, such as NAC, vitamin C, and vitamin E, affect PDX1 expression and consequently promote insulin biosynthesis in mouse, rat, and pancreatic islet or insulin-secreting cell lines (HIT-T15β and βTC-6). 22, [45] [46] [47] [48] Previous studies have also investigated the effects of reduced PDX1
activity on β-cell-derived cell lines (HIT cells) under high-glucose conditions for prolonged times; decreased PDX1 activity was shown to be associated with reduced transcription of the gene encoding insulin following oxidative stress in vitro. Moreover, the effects of treatment with d-ribose with or without aminoguanidine or NAC as antioxidant have also been assessed. 49 Thus, these previous studies further supported that PDX1 expression is sensitive to various supplements commonly added to culture media, and dysregulation of PDX1 expression The present investigation showed that PDX1 expression was increased, implying higher viability of treated caprine islets, after 5 days of culture with IBMX and tocopherol compared with that of untreated islets. Thus, these data suggested the importance of PDX1 expression for maintaining normal β-cell function. Consistent with this, the presence of reactive oxygen species has been shown to suppress PDX1 function in cultures, implying decreased β-cell function. 22 Moreover, the increased expression of PDX1 under these conditions could also indicate the enhancement of insulin transcription and release. Indeed, upregulation of PDX1 leads to enhanced expression of insulin gene 1 (Ins1) and insulin gene 2 (Ins2). 53 This regulation of insulin by PDX1 53-55 also has implications in pancreatic development as PDX1 is expressed in the pancreatic bud of the gut tube 55, 56 and all pancreatic cell types are derived from PDX1-positive progenitors. 57 Nitric oxide (NO) and several related free radicals and oxidant species have key roles in β-cell death. 58, 59 Although studies have shown that NO may be toxic to cells, such toxic effects, for example, DNA damage, are generally related to the oxidation products of NO rather than NO itself. 60 Studies have also shown that tocopherol protects eukaryotic cells from NO cytotoxicity. Furthermore, islet cells are highly susceptible to NO, which may be present in the cell culture environment. 61, 62 Islet cell damage by NO has been shown to be significantly decreased in the presence of tocopherol at concentrations of 10 μmol/L or more. 61 Although a previous report showed that antioxidants usually do not mediate defense against NO toxicity, tocopherol is an exception. Islet cells have the ability to take up sufficient amounts of α-tocopherol to improve their defense potential against free radicals, including NO-mediated lysis of islet cells. 63 This finding is supported by earlier studies in bacteria where α-tocopherol was found to mitigate DNA damage induced by NO. 64 In summary, our results showed that serum-free medium containing tocopherol and IBMX factors could enhance PDX1 gene expression which reflecting changes in insulin production and endocrine cell viability in islets. In addition, tocopherol (vitamin E), vitamin C, vitamin D3, and riboflavin can also be applied as antioxidants for the in vitro and in vivo maintenance of caprine islets because of their protective effects on islets from other species, as has been shown by increased insulin secretion, higher islet cell viability, increased insulin levels, and reduced lipid peroxidation.
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